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(2) Japanese Patent Laid-Open Gazette No. P8-31994: 
"IMAGING APPARATUS" 
Preferred Embodiment 

Fig. 1 shows a structure of one of preferred embodiments according 
to the present invention. 

In Fig. 1, the reference character 9 indicates an image pickup element, 
and a video signal in one display is read out in accordance with an output 
pulse of a read-out pulse generator 10. The reference character 11 indicates 
an amplifier circuit having the AGC function, which amplifies an output signal 
of the image pickup element 9. The reference characters 12, 13 and 14 
indicate an A/D converter, an image memory, a D/A converter, respectively. 
The image memory 13 is connected to the rear step of the amplifier circuit 11. 
The reference character 17 indicates an image memory driving portion, and a 
video signal amplified in the amplifier circuit 11 in accordance with an output 
pulse of the image memory driving portion 17 is written in and read out from 
the image memory 13. The reference characters 15 and 18 indicate a switch 
and an AGC detecting circuit, respectively. As the AGC detecting circuit 18, 
an integral circuit is used for example. The amplifier circuit 11 and the AGC 
detecting circuit 18 form a closed loop when the switch 15 is provided on the 
upper side, while the amplifier circuit 11, image memory 13 and the AGC 
detecting circuit 18 form a closed loop when the switch 15 is provided on the 
lower side. The reference character 19 indicates a comparison circuit, which 
compares an output of the AGC detecting circuit 18 with a reference voltage. 
The reference character 20 indicates a control circuit, which is consisted of a 
microcomputer, for instance. The reference character 16 indicates a video 
signal output. 

Next, operations of the above preferred embodiment will be 
described. With respect to a bright subject, the switch 15 is arranged on the 
upper side (i.e., normal side) since it is possible to amplify a video signal 
outputted from the image pickup element 9 by the amplifier circuit 11 and to 
control the video signal output 16 to a certain level. The level of a signal 
amplified by the amplifier circuit 11 is detected by the AGC detecting circuit 



18. Based on the detection result, the gain of the amplifier circuit 11 is 
controlled so that the video signal output 16 is maintained to a certain level. 

However, when the illumination of an object decreases and the gain 
of the amplifier circuit 11 reaches the maximum, the information as to lack of 
sensitivity is obtained by means of the comparator 19 based on the output of 
the AGC detecting circuit 18 and it is transferred to the control circuit 20. 
The control circuit 20 controls the output pulse of the read-out pulse generator 
10 and lengthens the charge storage time at the image pickup element 9 twice 
as long, for instance. The control circuit also controls the memory driving 
circuit 17 to have the image memory 13 write and read an intermittent signal 
obtained by a long storage. Moreover, the control circuit 20 controls the 
switch 15 to be switched to the lower side (to increase sensitivity). Then, the 
AGC detecting circuit 18 detects the level based on the video signal 
interpolated by the image signal 13 and controls the gain of the amplifier 
circuit 11 to maintain the video signal output 16 to a certain level at all times. 

When the illumination of an object further decreases and the gain of 
the amplifier circuit 11 reaches the maximum, the control circuit 20 controls 
the output pulse of the read-out pulse generator 10 based on the information 
from the comparator 19 to lengthen the charge storage time at the image 
pickup element 9 four times as long, for instance. 

Further, when the illumination of an object increases and the gain of 
the amplifier circuit 11 reaches the minimum, the control circuit 20 controls 
the output pulse of the read-out pulse generator 10 based on the information 
from the comparator 19 to shorten the charge storage time from four times as 
long to twice, for instance. 

In this way, according to the above embodiment, the charge storage 
time, i.e., a multiplying factor for increasing sensitivity is automatically 
controlled in accordance with the illumination of an object; moreover, the 
video signal output level is maintained to a certain level at all times. 

(3) "AMPLIFIER-TYPE SOLID-STATE IMAGE PICKUP ELEMENT' 
1 . Introduction 



In the genesis period of solid-state image pickup elements, an 
amplifier-type one was testified by which a phototransistor was used in place 
of a photodiode so that it was arranged in a matrix form in a pair with a MOS 
switch for selection to make an area sensor. Afterwards, however, the method 
has been rarely taken notice of because of the appearance of the CCD with low 
noise and advantageous sensitivity. Development of amplifier-type solid- 
state image pickup elements has been undertaken in these several years, which 
is gradually growing popular. As its background, it is pointed out that the 
need of image pickup elements in a special manner which is difficult to handle 
by CCD has been appeared. Image pickup elements for use in high-vision 
cameras and cameras having many numbers of flames are the representative 
examples. On the other hand, it would be true that one of big driving forces 
for developing amplifier-type solid-state image pickup elements is the fact that 
the pixel output ununiformity which is the most important theme in amplifier- 
type solid-state image pickup elements has been reduced to a great extent 
according to the rapid development in the semiconductor fine pattern 
technology. Among amplifier-type solid-state image pickup elements, the 
reference will be made in the following only to one formed by combination of 
a photoelectric converting portion without amplification function and an 
amplifier transistor in each pixel. The method for providing the multiplying 
function for a photoelectric converting portion is an interesting field, however, 
there are still only a few examples and it seems to be a field to be explored 
from now on. With respect to a case of developing an area sensor among 
amplifier-type solid-state image pickup elements, description will be made as 
to outline of elements, features and subjects in order. 

3,2 Utilization of non-destructive read-out function 

An amplifier-type solid-state image pickup element reads out a 
photoelectric charge through an amplifier transistor, so that a photoelectric 
charge is stored unless reset operation is carried out. It is worth using when 
picking up a static image with slight illumination. A long integrating 
operation (time nTo) in an element which is used for the astronomical 



observation or special purposes will be compared to n times non-destructive 
read-out (period Tq). In the case where non-destructive read-out is carried 
out n times to perform signal addition, the SN ratio is improved by about 9dB 
compared to the case of integration for 1 second (n=33), for instance. This 
applies to the case where noise at read-out is the main factor of the occurrence 
of noise, however, there is no improved effect found when a photoelectric 
charge or dark charge shot noise are the main factor. It seems that some 
applied fields of non-destructive read-out function can be devised for image 
processing, for example. 
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2.2 SIT (Staticlnduction Transistor) 
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2.5 FGA (Floating Gate Array) 
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(») Layout detiila of a sin jle phoiosite of ihe FCA Imige sciuor. 
(b) Photosiie crois section tlong ihc A-A' line fhowing ihc JFET itrue- 
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Circuit diagram of the FCA image sensor jhow'mg 1 column sense 
line and the clamping and sampling cifcutls. Horirontal scanner and ver- 
tical decoder are shown only in block diagram form. 
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